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; This listing of claims will replace all prior vfersidrt^, and listings, of clsiims jn the 
appiication: 



Listind. of Claims: 

1. {Currently amended) A method of processing a workpiece with a plasma in a 
vacuum plasma processing chamber comprising the step of exciting the plasma with 
^tectrfe energy at several frequencies such that the excitation of the plasma, by the 
several frequencies simultaneously causes several different phenomena to occur in 
the pJasma, wherein the phenomena affect plasma ion energy, plasma ion density 
:and. plasma chemistr y af the plasma incident on the workbiece . 

2. (Original) The method of claim 1 wherein the number of frequencies is three. 

3. (Canceled) 

4. (Previously presented) The method of claim 2 wherein the several 
frequencies simultaneously excite the plasma. 

5. (Previously presented) The method of claim 2 wherein a first of the 
frequencies is in the range" of 100 kHz to 10 MHz/ a second of the frequencies is in 
the range of 10 MHz to 150 MHz, and a third of the frequencies is in. the range of 27 
MHz to 300 MHz, 

6; (Canceled) 
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7. (Original) The method of claim 1 wherein the several frequeifncies 
simultaneously excite the plasma. 

8. (Original) The method of claim 1 wherein a first of the frequencies is in the 
range of 100 kHz to 10 l\/IHz, a second of the frequencies is in the range of 10 MHz to 

.150 MHz, and a third of the frequencies is in the range of 27 MHz to 300 MHz. 

9. (Original) The method of claim 1 further including confining the plasma to a 
• region removed from sidewalls of the chamber. 

10. (Original) The method of claim 9 further including controlling the pressure of 
the plasma in the region, 

11. (Original) The method of claim 1 further including varying the spacing 
between a pair of electrodes in the chamber between which the plasma is excited. 

12. (Original) The method of claim 1 further including varying the power of at 
least one of the several frequencies. 

.13. (Currently amended) A method of processing a workpiece with a plasma in 
. a . vacuum plasma processing chamber comprising the step of exciting the plasma with 
. electric, energy at several frequencies such that the excitation of the plasma by the 
several frequencies simultaneously causes several different phenomena to occur, in 
the plasma incident on the workpiece . exciting the plasma with a pair of opposed 
electrodes, coupling power at at least one of the several frequencies to at least one of 
the electrodes, and selectively coupling power at one of the several frequencies from 
one of the electrodes to RF ground, 

.14. (Currently amended) A method of processing a workpiece with a plasma in 
a vacuum plasma process^fpg chamber comprising the step of exciting the plasma with 

••; 3 

• ■ . . . 
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electric energy at several frequencies such that the excitation of the plasma incictent j 

on. the, workpiece bv the several frequencies simultaneously causes several different j 
.... .1 

■ phenomena to occur in the plasma, exciting the plasma with a pair of opposed | 

electrodes, and controlling the temperatures of the opposed electrodes While the 
workpiece is being processed. 

15. (Currently amended) Apparatus for processing a workpiece with a plasma 
comprising a vacuum chamber for processing the workpiece with the plasma, and 
means for exciting the plasma with electric energy at several frequencies such that 
the excitation of the plasma by the several frequencies simultaneously causes several 
different phenomena to occur in the plasma, wherein the phenomena affect plasma 
ion ertergy, plasma ion density and plasma chemistrv of the plasma incident on the 
workpiece . 

16. (Curnsntly amended) A vacuum plasma processor comprising a vacuum 
chamber, including an electrode, the chamber being associated with a reactance, the 
electrode and reactance being arranged for coupling plasma excitation fields to gas in 
the chamber, the chamber being arranged for carrying the-a workpiece while the 
plasma excitation, fields are coupled to the plasma , and a plasma excitation source 

■ /arrangement for enabling the electrode and reactance to couple the electric energy at 
several frequencies to the plasma. 

17. (Original) The vacuum plasma pnocessor of claim 16 wherein the plasma 
excitation source arrangement is arranged for causing the several frequencies to be 

. . simultaneously applied to the plasma. 

18. (Original) The vacuum plasma processor of claim 16 wherein the electrode 
for Gdrrying the workpiece includes a first electrode in the chamber and the reactance 
includes a second electrode in the chamber. 

4 
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19. (Original) The vacuum plasma processor of claim 18 wherein the pM^ma 
excitation source arrangement is arranged for applying a plurality of the frequencies to 
the first electrode and at least one of the frequencies to the second electrode. 

20. (Original) The vacuum plasma processor of claim 16 wherein the pla^mia 
excitation source arrangement is arranged for applying several of the frequencies to 
the electrode. 

21. {Original) The vacuum plasma processor of claim 18 wherein the first and 
second electrodes and the^source arrangement are arranged for causing the second 
electrode to be at a reference potential and for simultaneously causing the source 

. arrangement to apply the several frequencies to the first electrode. 

22; (Original) The vacuum plasma processor of claim 16 wherein the plasma 
•excitation source arrangement includes at least one variable frequency RF source. 

. 23. (Original) The vacuum plasma processor of claim 16 wherein the plasma 
• excitation source arrangement includes circuitry for (a) providing an impedance match- 
between sources of the frequencies and the plasma and (b) decoupling the 
frequencies associated with the different sources from each of the other sources. 

! 

24. (Original) The vacuum plasma processor of claim 16 wherein the excitation 
source arrangement is arranged and the frequencies have values for causing several 
different phenomena to occur simultaneously in the plasma. 

25. (Currently Amended) A vacuum plasma processor for a workpiece 
comprising a vacuum chamber including first and second electrodes for supplying 
plasma exditation fields to a region of the chamber adapted to be responsive to gas 
adapted to be converted into a plasma for processing the workpiece, the chamber 
being arranged for carrying the workpiece while the olasma excitirvo fields are 
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supplied to the regio n, a plasma excitation source flfrSngement for deriving eleeiric \ 
energy at several frequencies, the plasma excitation source arrangement including i 
circuitry for selectively enabling coupling of the se^veral frequencies to at least one of [ 
the first and second electrodes for enabling plasma exciting electric fields at the 
several frequencies to be coupled to the plasma. 

26. (Original) The processor of claim 25 wherein the circuitry is arranged for 
coupling a plurality of the frequencies to the first electrode and for coupling at least 
one of the frequencies to the second electrode. 

27. (Original) The processor of claim 25 wherein the circuitry is arranged for (a) 
providing an impedance match between sources of the frequencies and the plasma 
and (b) decoupling the frequencies associated with the different sources from each of 
the other sources. 

.... 

28v (Original) The processor of claim 25 wherein the plasma excitation source 
arrangement includes several different frequency sources. 

29. (Original) The processor of claim 28 wherein at least one of the sources has 
a variable frequency. 

30. (Original) The processor of claim 28 wherein at least one of the sources has 
a fixed frequency. 

31. (Original) The processor of claim 28 wherein various combinations of the 
several frequencies affect (a) the densrty of the plasma (b) the energy of ions in the 
plasma, and (c) the chemistry of the plasma. 

32. (Original) The processor of claim 28 wherein at least ohe of . the sources has . 
a variable output power. 
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33. (Original) The processor of claim 25 wherein the circuitry aild the chamber 

* * ' 

are arranged for preventing substantial current to flovv at at least one of the plurality of 
frequencies to the second electrode. 

34. (Original) The processor of claim 33 wherein the circuitry and the chamber 
arrangement for preventing substantial current to flow at at least one of the plurality of 
frequertties to the second electrode includes (a) a surface in the chamber at a. 
reference potential for causing current to flow at at least one of the plurality of 
freque^ncies from the first electrode to the surface and (b) a filler arrangement of the 
circuitry, the filter arrangement being connected to the second electrode for 
preventing the substantial flow of current at at least one of the plurality of frequencies 
between the second electrode and the reference potential. 

35. (Original) The processor of claim 25 wherein the circuitry is arranged for 
connecting the second electrode to a reference potential and for supplying the several 
frequencies to the first electrode. 

36. (Original) The processor of claim 25 wherein the circuitry is arranged for 
. . supplying the same frequency to the first and second electrodes. 

37. (Original) The processor of claim 25 wherein the plasma source arrangement 
circuitry is arranged for simultaneously coupling the several frequencies with the 
electrodes. 

iiS. (Previously presented) The processor of claim 25 vvherein the circuitry 
includes a controller for selectively connecting the second electrode to a reference 
potential during a first workpiece processing time period and for selectively supplying 
the same frequency to the first and second electrodes during a second work piece 
.times period. 
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39: (Previously presented) The processor of claim 37 wlterein the controller is 
arranged for selectively connecting the first electrode to be responsive to each of the 
sevferal frequencies during the first time period. 

.40. (Original) The vacuum plasma processor of claim 25 wherein the plasma 
excitation source arrangement is arranged for applying several of the frequencies to 
the f i rst electrode . 

41. (Original) The vacuum plasma processor of claim 25 wherein the first and 
second electrodes and the source arrangement are arranged for causing the second 
etectrdtJe to be at a reference potential and for simultaneously causing the source 
arrangenl6fit tp apply the several frequencies to the first electrode. 

42. (Currently amended) A vacuum plasma processor for processing a 
wbfkplece comprisir>g a vacuum chamber including an electrode arrangement for 
.supplying plasma excitation fields to a region of the chamber adapted to be 
responsive to gas adapted to be converted into a plasma for processing the 
workpiece, the chamber being arranged for carrving the workpiece while the plasma 
excitatiion.fields^fe supplied to. the region, the electrode arrangement including first 
and second electrodes respectively on opposite first and second sides of the region 
and a third electrode on said first side of the region, the third electrode being 
peripheral, to and electrically insulated from the first electrode, a plasma excitation 
source arrangement for deriving electric energy at plural frequencies, the plasma 
excitation source arrangement being arranged for selectively coupling energy at the 

* ■ \ , 

'* * * ' 

plural frequencies to the first, second and third electrodes for causing current at at 
least one 6f the plural frequencies to flow in the third electrode without current at all of 
the frequencies flowing through irithe third electrode. 
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43. (Original) The processor of claim 42 wherein the efeigtfc>de arrangement 
includes a fourth electrode on said second side of the region, the fourth electrode 
being peripheral to and electrically insulated from the second electrode, the plasma 
excitation source arrangement being arranged for selectively coupling energy to the 
fourth electrode for causing current at at least one of plural frequencies to flow in the 
fourth. eJectrode without current at all the frequencies flowing through the fourth 
electrode. • 

.44, (Ofiginal) The processor of claim 43 wherein the plasma excitation source 
. arrangement is arranged fdr applying energy at at least one of the frequencies to the 
third electrode. 

45: (Original) The processor of claim 43 wherein the plasma excitation source 
arrangement is arranged for applying energy at at least one of the frequencies to the 
. fourth electrode. 

46. (Original) The processor of claim 43 wherein the plasma excitation source 

arnangement is .af^rariged for applying energy at at least one of the frequencies to the 

*.'*'■.*• 

' • -third and fourth electrodes. 

47.. (Currently amended) The processor of claim 43 wherein the plasma 
. excitation source arrangement includes a filter arrangement for enabling current at at 
least one of the frequencies to flow between the third electrode and a reference 
potential while preventing current at at least one of the frequencies from flowing 
between the third electrode and the reference potentiaL 

48.. (Cunrently amended) The processor of claim 43 wherein the plasma 
excitation source arr'angement includes a filter arrangement for enabling current at at 
least or>e of the frequencies to flow between the fourth electrode and a reference 
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potential white preventing current at at least one of the frequencies from flowing 
between the fourth electrode and the reference potential. 

. 49. (Currfently amended) The processor of claim 48 wherein the ptasnha 
excitation source arrangement Includes a filter arrangement for enabling current at a4 
least one of the frequencies to flow between the third electrode and a reference 
potential white, pteiventing current at at-least one of the frequencies from flowing 
betweert the third electrode and the reference potential. 

• • • • 

50. (Original) The processor of claim 42 wherein the plasma excitation source 
arrangement is arranged for applying energy at at least one of the frequencies to the 
third etectrode. 

51. (Currehtty amended) The processor of claim 42 wherein the plasma 
. excitation source arrangement includes a filter arrangement for enabling current at at 

lejasf one of the frequencies to flow between the third electrode and a reference 

***''. 

. potential while preventing current at at-least one of the frequencies from flowing 
between the third electrode and the reference potential. 

52. (Currentiy amended) A method of processing a workpiece in a vacuum 
plasma processor including a vacuum chamber including ah electrode arrangement 
for supplying plasma excitation fields to a region of the chamber raponsive -resDonsive 
to gas that is converted into a plasmd that processes the workpiece, the etectrode 
arrangement, including first and second electrodes respectively on opposite first and 
second Sides of the region and a third etectrode on said first side of the region, the 

■ 4hird etectrode being peripf>eral to and electrically insulated from the first electrode, 
the method comprising coupling energy at plural frequencies to the first, second .and 
third electrodes so. that current at at least one of the pluraJ frequencies flows in the 
. . ' .third electrode without . current at all of the frequencies flowing through the third 

electrode. 

*■ ■ • . . . 
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53. (Original) The method of claim 52 wherein the electrode arrangement 
includes a fourth electrode on said second side of tlie region, the fourth electrode 
•being peripheral to and electrically insulated from the second electrode, the method 
fijrther comprising selectively coupling efiergy to the fourth electrode so current at at 
least one of the plural frequencies flows in the fourth electrode without current at all 
the frequencies flowing through the fourth electrode. 

54. (Original) The method of claim 53 wherein the energy is coupled to the third 
electrode by connecting to , the third electrode a power source arrangement having at 
least one of the frequencies. 

55. (Original) The. method of claim 54 wherein the energy is coupled to the fourth 
Electrode by connecting to the fourth electrode a power source arrangement having at 

• ieast one of the frequencies, 

56. (Original) The method of claim 55 wherein the energy is coupled to the third 
. electrdde by.conhecting to.the third electrode a power source arrangement having at 

ledst one of the frequencies. 

. 57. (Original) The method of claim 53 wherein the energy i$ coupled to the third 
electrode by connectir>g between the third electrode and a reference potential a filter 
arrangement that passes at least one of the frequencies and blocks at least one of the 
frequencies. 

58. (Original) The method of claim 53 wherein the energy is coupled to the fourth 
electrode by connecting between the fourth electrode and a reference potential a filter 
arrangement that passes at .least one of the frequencies and blocks at least one of the. 
frequencies. 

11 
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59. (Original) The method of claim 58 wherein fh© errergy is coupled to ftt6 third 
electrode by connecting between the third electrode and a reference potential a filter 
arrangement that passes at least one of the frequencies and blocks at least one of the 
frequehcies. 

60. (Original) The method of claim 52 wherein the energy is coupled to the third 

. electrdde by connecting to ^he third electrode a power source arrangement having at 
least one of the frequencies. 

61 . (Original) The method of claim 52 wherein the energy is coupled to the third 
electrode by connecting between the third electrode and a reference potential a filter 
.arrangerheht that passes at least one of the frequencies and blocks at least one of the 
frequencies^ 

62. (New) The method of claim 9 wherein the region includes first and second 
eli^ctfodes on opposite sides of the region, and wherein the several frequencies are 
simultaneously supplied to the first electrode while the second electrode is at a 
reference potential. 

63. (New) A method of processing a workplace with a plasma in a vacuum 
plashria processing chamber corinprising the stejps of exciting the plasma with efectric 
energy at several frequencies such that the excitation of the plasma by the several 
frequencies simultaneously causes several different phenomena to occur in the 
plasma incident on the workpiece, exciting the plasma with a pair of opposed 
electrodes, and coupling power at several of the frequencies to one of the. electrodes 
while the other of the electix^des is at a reference potential. 
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